Wound-induced gall formation occurred only in bush kidney beans, and never in pole beans. Gall was formed most frequently at the site of injuries inflicted on the plant at the peak of reproductive processes. The plants at this stage produced more or less malformed leaf blades and petioles, i. e., distortion and/or bending. The level of endogenous auxin was also highest during the peak of reproductive processes and then declined gradually as the plants approached to normal senescence. Any of peas, soybeans, cowpeas, and broad beans did not respond to the mechanical wounding inflicted for the gall formation at any stages of plant development.
Introduction
It was reported that gall formation of Edogawa bush kidney beans was induced most frequently at the site of injuries inflicted through various cultural practices in the field (4) . Many galls were formed when the terminal growth of plants became depressed and the plants approached further to the peak of reproductive processes.
The plants used for the survey were cultured in the greenhouse where intensive culture of bean plants had been repeated. Because it was confirmed that the microorganisms isolated from the aged galls did not cause any hyperplastic growth, hormonal imbalance of the plant is suspected to be a major factor responsible for the formation of gall tissues in this plant.
The present investigation is concerned with relationships of hormonal levels in plants to the gall formation at the site of injuries inflicted artificially on the plant.
Materials
and Methods
Preparation of plant material :
The kidney bean plants for sampling were grown in 1/1000 a pots containing a sandy clay soil which is available in this area of Shizuoka Prefecture.
All pots were placed in a greenhouse.
The seeds used in this experiment
Received for publication March 24, 1978. 365 were purchased from Takii Seed Co. Ltd. A compound fertilizer (8-8-8) was applied twotimes at seeding and anthesis. 2. Wounding : The surface of petioles was. sterilized with 75% ethanol. After the alcohol was evaporated thoroughly, mechanical injuries. were inflicted either by puncturing with needles 2mm in depth or by excising with a knife 2mm in depth and 5mm in length. These wounded plants were left in the greenhouse without further treatments.
3. Extraction of plant hormones : Samples for extraction of hormones were taken every 10 days starting on the 15 th day after seeding.
Twenty grams each of leaf blades, petioles, and stems were homogenized in cold methanol with a blender and extracted for 2 hours in an ice box. The homogenized material was centrifuged at 6000 rpm for 5 min at 5°C. The supernatants were collected and then evaporated to the aqueous phase under reduced pressure. The residues were dissolved in 5m1 aliquots of distilled water and adjusted to pH 2.5. The aqueous solutions were extracted three times with 50m1 of ethyl acetate. The ethyl acetate phase was treated with 0.1 M sodium hydrogen carbonate.
After dehydration with sodium sulfate, the ethyl acetate was evaporated under reduced pressure and the residue was dissolved in 3m1 methanol. 4 . Bioassay : Plant hormones were assayed by determining the growth rate of callus tissues which were obtained from the parenchyma of the petioles. The tissue cultures were made on Murashige & Skoog's semi-solid agar medium supplemented with both kinetin at a concentration of 1.0 ppm and 2, 4-D at 0.2 ppm. Callus tissues were placed on the media to which the extract was added after dilution with sterilized distilled water at a given ratio. The cultures were maintained in the dark at 28°C and 55% RH. The growth rate of calli was evaluated 20 days after inoculation on the basis of fresh weight increment.
Results

1.
Response of leguminous crops to wounding inflicted for gall formation : Eleven cultivars of kidney beans, 7 of which were bushy, were used for the wounding by puncturing with a bundle of needles at the peak of reproductive processes, i. e., about 40 days after seeding, under greenhouse conditions. Besides, 13 cultivars of peas, both tall and dwarf, 6 of soybeans, 3 of cowpeas, and 1 of broad beans were injured as well. The results obtained are shown in Table 1 .
The gall formation was induced by wounding only in bush kidney beans, and never in JOURNAL OF THE JAPANESE SOCIETY FOR HORTICULTURAL SCIENCE pole beans. The differences in frequency of gall formation were not significant among the 7 bush cultivars tested. The gall formation was never observed in any other leguminous crops than kidney beans.
2. Gall formation at different growth stages of kidney beans : Edogawa bush kidney beans were wounded at different stages of plant growth by puncturing the petiole with a bundle of needles.
Thirty injuries were
given to the surfaces of several petioles at an about 1 cm spacing. The results were recorded 20 days after the wounding.
The results are shown in Table 2 .
Gall formation was found most frequently in the mature plants where the terminal growth had already ceased and reproductive processes such as flowering and bearing young pods commenced.
The peak of the gall formation seemed to coincide with that of the formation of malformed leaf blades and petioles in the form of distortion and/or bending.
The rate of gall formation became declined when the plants turned to normal senescence. The results .obtained were identical to those examined in the farmer's greenhouses.
3. Relative levels of plant homones at different stages of growth : Fig. 1 shows the the gall formation is assumed to be auxin because the culture media used for the bioassay of this experiment already contained kinetin and 2, 4-D.
Furthermore, it is generally accepted that the application of 1% IAA in lanolin paste to the debladed petiole of bean plants or to the wound made on a succulent stem by cutting a few mm below a mature leaf will result in callus formation (1, 2) . The external features of calli produced by the application of IAA are similar to those induced by wounding.
These data imply, therefore, that the gall formation by wounding is enhanced in the presence of high levels of endogenous auxin.
Wound-induced gall formation was a response that is specific to the mature plants of bush kidney beans. The gall formation was never observed in pole beans. This fact indicates that the phenomenon may reflect the genetic constitution of bush cultivars.
The induction of gall formation by wounding became active when the plant reached its maturity.
Thus it is suggested that bushy plants produce some changes in hormonal metabolism when the plant became mature, being subject to the stress of hormonal imbalance. It is also suspected that the auxin concerned with terminal shoot growth accumulates in plants, resulting from insufficient translocation (3) or inhibition of auxin oxidase activity (5). This auxin seems responsible also for the malf ormation of leaf blades and petioles. The time with highest frequency of gall formation shown in Table 2 and the second peak of auxin levels illustrated in Fig. 2 Table 2 was carried out from mid-May through early August, whereas that shown in Fig. 2 from early September through November. The growth of fall crops was reduced and delayed as compared to that of summer crops, extending the period of vegetative growth significantly. Thus, the rates of the gall formation practically coincided with the auxin levels as far as the growth stages of the plants are concerned.
It is also no doubt that irritation caused by wounding triggers off a series of reactions leading to the development of outgrowth.
It is possible that wound-healing reactions accompanied with formation of normal callus tissues are disturbed in the presence of high levels of auxin, resulting in a stimulation of uncontrolled cell divisions. The mechanism of excessive auxin accumulation in the plants of bush kidney beans and its interactions with wound-healing reactions which are supposed to be concerned with gall f ormation are the subjects of further study.
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